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which a wafer W 1s placed. The processing gas 1s raised to
plasma and thus, an SiN__layer 206 formed on a Cu layer 204
1s etched. The exposed Cu layer 204 1s hardly oxidized and
C and F are not injected 1nto 1t.
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FIG.2(a)
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FIG.3(a)
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ETCHING METHOD AND PLASMA
PROCESSING METHOD

This application 1s continuation of U.S. patent application
Ser. No. 10/030,656, filed Jan. 11, 2002, U.S. Pat. No.
6,780,342 the subject matter of which 1s incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to an etching method and a
plasma processing method.

BACKGROUND ART

As ultra high integration 1 semiconductor devices
increasing in recent years, manufacturing superfine metal
wirings that conform to rigorous design rules has become a
crucial technical requirement. However, when the aluminum
wirings normally utilized 1n the prior art, such as wirings
constituted of Al or an Al alloy, are mimaturized, the level
of the electrical resistance becomes significant, which
readily causes a wiring delay, lowering the operating speed
of the semiconductor device. As a solution, adoption of Cu
having a lower electrical resistance value than Al as the
wiring material has been considered 1n recent years. How-
ever, Cu becomes oxidized more readily than Al. Accord-
ingly, during the semiconductor manufacturing process, a
Cu wiring layer 1s covered with a layer constituted of a
material that does not contain O,, e.g., an SiIN_ layer, to
prevent oxidation of the Cu wiring layer by assuring that it
1s not exposed to O,.

When connecting a Cu wiring to another wiring in a
semiconductor device adopting a multilayer wiring struc-
ture, 1t 1s necessary to to etch the SiN_ layer and to form at
the SiN_ layer a connecting hole such as a via hole through
which the Cu wirning layer 1s exposed. However, a CF
(fluorocarbon) processing gas containing O, 1s usually uti-
lized 1n the plasma etching process during which the SiN_
layer 1s etched. As a result, the surface of the exposed Cu
wiring layer becomes oxidized by O, or an oxide compound
1s formed at the Cu wiring layer during the etching process.
Such a reaction product raises the electrical resistance value
at the area where the Cu wiring 1s connected with the other
wiring, thereby presenting a problem in that the device
characteristics of the semiconductor device are compro-
mised.

An object of the present invention, which has been
completed by addressing the problem of the prior art dis-
cussed above, 1s to provide a new and improved etching
method and a new and improved plasma processing method
that solve the problem above and other problems.

DISCLOSURE OF THE INVENTION

In order to achieve the object described above, 1n a first
aspect of the present mvention, an etching method for
etching an SiN_ layer present on a Cu layer formed at a
workpiece placed 1n a processing chamber by raising to
plasma a processing gas introduced into the processing
chamber, which 1s characterized in that the processing gas
contains a gas constituted of C, H and F and O, 1s provided.

In the etching process implemented by using the gas
constituted of C, H and F according to the present invention,
the exposed surface of the Cu layer 1s not oxidized readily.
In addition, this effect 1s sustained regardless of whether or
not O, 1s present. For this reason, even when a wiring, for
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instance, 1s connected at the exposed surface of the Cu layer,
the electrical resistance value at the connection area 1s not
raised. Furthermore, by adding O, 1nto the gas constituted of
C, H and F, 1t becomes possible to even more eflectively
prevent the oxidation of the Cu layer.

The gas constituted of C, H and F should be CH,F,, CH,F
or CHF,.

In addition, 1t 1s desirable to add an inert gas into the
processing gas. When an 1nert gas 1s added into the pro-
cessing gas, the contents of the gas constituted of C, H and
F and O, can be adjusted as necessary in correspondence to
specific process requirements while maintaining the quantity
of the processing gas introduced into the processing cham-
ber at a predetermined level.

Moreover, 1n a second aspect of the present invention, a
plasma processing method comprising a step 1 which an
SIN layer 1s etched by using a photoresist layer having a
speéiﬁc pattern formed therein, a step implemented after the
ctching step, a step implemented after said etching step, 1n
which said photoresist layer 1s ashed and a step implemented
alter said ashing step, 1n which a plasma process 1s 1mple-
mented on the exposed Cu layer by raising to plasma H,
introduced 1nto the processing chamber 1s provided.

It 1s to be noted that the exposed surface of the Cu layer
may become oxidized during the ashing step as well. In
addition, 11 a CF gas 1s used as the processing gas during the
etching step, C (carbon atoms) and F (fluorine atoms) may
be injected 1nto the exposed surface of the Cu layer. Accord-
ingly, 1n a third aspect of the present invention, the surface
of the Cu layer 1s treated with H, plasma after the etching
step and the ashing step to deoxidize the oxidized Cu and to
remove C and F. As a result, the electrical resistance value
at the connection area where the Cu wiring 1s connected to
the other wiring 1s prevented from increasing even more
cllectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic sectional view of a plasma process-
ing apparatus i which the present invention may be
adopted;

FIG. 2 presents schematic sectional views of a waler
before and after implementing a process by adopting the
ctching method according to the present invention;

FIG. 3 presents schematic diagrams to facilitate an expla-
nation ol an implementation example of the etching method
according to the present invention; and

FIG. 4 presents schematic diagrams to facilitate an expla-
nation of the implementation example of the etching method
according to the present ivention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

The following 1s a detailed explanation of a preferred
embodiment of the etching method and the plasma process-
ing method according to the present invention, given 1in
reference to the attached drawings.

(1) Etching Method
First, the etching method adopted 1n the embodiment 1s
explained.

(a) Overall Structure of Etching Apparatus

First, in reference to FIG. 1, a brief explanation 1s given
on a plasma processing apparatus 100 that may adopt the
cetching method achieved in the embodiment. A processing
chamber 102 1s formed in an airtight processing container
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104. A magnet 106 1s provided around the processing
container 104 so as to form a rotating magnetic field mnside
the processing chamber 102. In addition, a lower electrode
108 on which a workpiece such as a semiconductor water
(hereafter referred to as a “wafer”) W may be placed 1s
provided inside the processing chamber 102. An upper

clectrode 110 1s provided to face opposite the mounting
surface ol a lower electrode 108 1n the processing chamber

102.

Numerous gas outlet holes 110a are formed at the upper
clectrode 110. The gas outlet holes 110a are connected with

first~third gas supply sources 124, 126 and 128 respectively
via first~third switching valves 112, 114 and 116 and

first~third tlow regulating valves 118, 120 and 122. CH,F,,
O, and Ar constituting the processing gas used in the
embodiment are respectively stored in the first~third gas
supply sources 124, 126 and 128. This structure allows the
processing gas constituted ot CH,F,, O, and Ar individually
set at predetermined flow rates to be introduced into the
processing chamber 102 via the gas outlet holes 110a. It 1s
to be noted that the etching process implemented by using
the processing gas 1s to be detailed later.

In addition, the processing gas ntroduced into the pro-
cessing chamber 102 is raised to plasma when high fre-
quency power output from a high frequency source 130 1s
applied to the lower electrode 108 via a matcher 132. The
gas mside the processing chamber 102 1s evacuated via a
batlle plate 134 provided around the lower electrode 108 and
an evacuating pipe 136. It 1s to be noted that the plasma
processing apparatus 100 assumes a structure which allows
it to perform an ashing process and a surface treatment on a
Cu layer 204 to be detailed later as well as the etching
process.

(b) Etching Process

Next, 1 reference to FIGS. 1 and 2, a detailed explanation
1s given on the etching process implemented on the water W
by using the processing gas i the embodiment. It 1s to be
noted that FIG. 2(a) presents a schematic sectional view of
the wafer W 1n the state before an SiN__ layer 206 1s etched.

FIG. 2(b) presents a schematic sectional view of the wafer
W 1n the state after the SiN_ layer 206 1s etched.

As shown in FIG. 2(a), the Cu layer (Cu wiring layer) 204
1s Tormed at a first S10,, layer 200 via a TaN layer 202 which
functions as a barrier metal layer. In addition, the SiN_ layer
206 which 1s to undergo the etching process 1n the embodi-
ment 1s formed on the Cu layer 204 to prevent the oxidiza-
tion of the Cu layer 204. A second S10, layer 208 to be used
as a layer msulating film and a photoresist layer 210 having
a specific pattern formed therein are sequentially laminated
over the SIN_ layer 206.

The etching process 1s implemented in the embodiment
after forming a via hole 212 which reaches the SiN_ layer
206 1s formed at the second S10,, layer 208 through a specific
type of etching process as shown 1n FIG. 2(a). Namely, the
processing gas introduced into the processing chamber 102
to etch the second S10, layer 208 1s first switched to the
processing gas constituted of CH,F,, O, and Ar which
characterizes the embodiment. At this point, the flow rate
ratio (CH,F,/O,/Ar) of CH,F,, O, and Ar 1s set at, for
imstance, 10 scecm~30 scem/10 scecm~30 scem/100
sccm~200 sccm. The pressure inside the processing chamber
102 may be set at, for mstance, 30 mTorr~100 mTorr. Then,
high frequency power having a frequency of, for instance,
13.56 MHz and achieving a 300 W~1000 W level 1s applied

to the lower electrode 108.
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Such high frequency power application causes the pro-
cessing gas to dissociate to generate plasma. As a result, the
S1IN_ layer 206 becomes etched by the plasma and the upper
surface of the Cu layer 204 becomes exposed at the bottom
of the via hole 212 as shown 1n FIG. 2(b). Since the SiN_
layer 206 has been etched by using the processing gas
constituted of CH,F,, O, and Ar, the surface of the Cu layer
204 15 hardly oxidized during this process, as explained later
in reference to subsequent implementation examples.

(¢) Implementation Example

Next, an example of actual implementation of the
embodiment 1s explained in reference to FIG. 3 and FIG. 4.
It 1s to be noted that FIGS. 3(a) and (b) and FIGS. 4(a) and
(b) each schematically 1llustrate the relationship between the
depth measured from the surface of the Cu layer 204 and the
content of the elements present in the Cu layer 204 at the
corresponding depth. The Cu layer 204 was gradually etched
by spraying Ar at a predetermined pressure on to the exposed
surface of the Cu layer 204.

In the implementation example, the SiN_ layer 206 at the
waler W shown 1n the FIG. 2(a) was etched by employing
the plasma processing apparatus 100 explained earlier. The
flow rate ratio of the constituents in the processing gas was
set at CH,F.,/O,/Ar=20 sccm/10 sccm/100 scem. In addi-
tion, the pressure 1nside the processing chamber 102 was set
at 50 mTorr. High frequency power with a frequency set at
13.56 MHz and achieving a 500 W level was applied to the
lower electrode 108. The results presented 1n FIG. 3(a) were
achieved by etching the wafter under the conditions
described above. As shown 1in FIG. 3(a), the Cu layer 204
was hardly oxidized when the process was implemented by
using the processing gas constituted of CH,F,, O, and Ar,
with hardly any C and F injection observed. Thus, we may
conclude that the processing gas 1s eflective 1n preventing
damage to the Cu layer 204.

Next, as an example that provides a comparison to the
implementation example described above, an etching pro-
cess was implemented by using a processing gas constituted
of CF, and Ar, and the results presented 1n FIG. 3(b) were
obtained. It 1s to be noted that the processing gas constituted
of CF, and Ar 1s normally used in an etching process
implemented on the S10, layer 208 or the SiN_ layer 206.
The flow rate ratio of the constituents of the processing gas
was set at CF_ /Ar=20 sccm/100 sccm. Otherwise, the pro-
cess was 1mplemented under the same processing conditions
as those described above. As shown 1n FIG. 3(5), when the
processing gas constituted of CF, and Ar was used, the Cu
layer 204 became oxidized to a greater depth and a greater
degree of imjection of C and F was observed compared to the
extent of oxidation and C/F injection observed 1n the etching
process implemented by using the processing gas constituted
of CH,F,, O, and Ar described earlier. Thus, one may
conclude that the Cu layer 204 becomes damaged more
readily when the processing gas constituted of CF,, and Ar 1s
used.

In addition, an etching process was implemented by using,
a processing gas constituted of CH,F,, N, and Ar achieved
by mixing N, mstead of O,, in order to ascertain the extent
of the influence of O, present 1n the processing gas, and the
results presented i FIG. 4(a) were achieved. It 1s to be noted
that the flow rate ratio of the constituents of the processing
gas was set at CH,F,/N,/Ar=20 sccm/10 sccm/100 sccm as
in the processing gas constituted of CH,F,, O, and Ar. The
process was 1mplemented by setting the other processing
conditions 1dentically to those described earlier. As shown 1n
FIG. 4(a), the Cu layer 204 became oxidized to an even
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turther depth and a greater degree of C/F injection was
observed when the processing gas constituted ot CH,F,, N,
and Ar was used compared to the extent of the oxidation and
the C/F 1injection observed in the process. implemented by
using the processing gas constituted of CH,F,, O, and Ar
and the process implemented by using the processing gas
constituted of CF, and Ar. This demonstrates that the pres-
ence of O, 1n the processing gas constituted of CH,F,, O,
and Ar does not adversely aflect the Cu layer 204 but rather,
it eflectively protects the Cu layer 204.

It 1s to be noted that the results presented mn FIG. 4(b)
were achieved by performing a similar measurement on the
Cu layer 204 exposed to the atmosphere without implement-
ing the etching process.

As described above, by etching the SiN_ layer 206 cov-
ering the Cu layer 204 with the plasma generated from the
processing gas constituted of CH,F,, O, and Ar, 1t 1s
possible to mimimize the extent of oxidation of the exposed
Cu layer 204 and to reduce the extent to which C and F
constituting the CH, F, are mjected into the Cu layer 204. As
a result, the electrical resistance value at the connection area
does not 1increase even when another wiring 1s connected to
the exposed surface of the Cu layer 204.

(2) Ashing Method

Next, a method that may be adopted to implement an
ashing process on the photoresist layer 210 formed at the
waler W 1s explained. During the process for manufacturing,
a semiconductor device, an ashing process i1s normally
implemented after the etching process to remove the pho-
toresist layer 210 used as an etching mask. However, there
1s a risk of the Cu layer 204 which has not been oxidized
during the etching process becoming oxidized during the
ashing process implemented by adopting the method 1n the
prior art. Accordingly, 1t 1s desirable to implement an ashing,
process through the following method on the water W that
includes the Cu layer 204.

Namely, following the etching process described above,
the temperature of the waler W remaining on the lower
clectrode 108 1s sustained at 100° C. or lower and preferably
at 40° C. The temperature of the waler W 1s adjusted by a
temperature control mechanism (not shown) internally pro-
vided at the lower electrode 108. In addition, a processing,
gas constituted of, for instance, O,, 1s mtroduced into the
processing chamber 102 at a tlow rate of 200 sccm. Then,
high frequency power with a frequency of 13.56 MHz and
achieving a level of 1000 W 1s applied to the lower electrode
108. Through this power application, the processing gas 1s
raised to plasma and thus, the photoresist layer 210 at the
waler W shown 1n FIG. 2(b) 1s removed.

In this method, the ashing process 1s implemented while
sustaining the temperature of the water W at 100° C. or
lower and, as a result, the degree to which the Cu layer 204
1s oxidized 1s minimized. Thus, the state of the Cu layer 204
alter the ashing process remains essentially unchanged from
the state following the etching process.

(3) Method of Treating Surface of Cu Layer (H, Plasma
Process)

Next, a method that may be adopted to treat the surface of
the Cu layer 204 1s explamned. It 1s diflicult to completely
prevent the oxidation of the Cu layer 204 and the entry of C
and F even when the process 1s implemented by adopting the
ctching method and the ashing method described above.
Accordingly, 1t 1s desirable to implement the following
surface treatment on the Cu layer 204.

Namely, after the etching process and the ashing process
described above, the processing gas introduced into the
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processing chamber 102 1s switched to H, with the water W
still remaining mside the processing chamber 102. The flow
rate of H, may be set at, for instance, 200 sccm. In addition,
the pressure inside the processing chamber 102 may be set
at, for instance, 50 mTorr. Then, H, plasma 1s generated
inside the processing chamber 102 by applying 1000 W high
frequency power with its frequency set at, for instance,
13.56 MHz to the lower electrode 108. The H, plasma thus
generated deoxidizes the Cu layer 204 which has been
oxidized. At the same time, the Cu layer 204 1s subject to 10n
implant, which eliminates C and F having been 1njected into
the Cu layer 204 during the etching process. As a result, a Cu

layer 204 which does not contain O (oxygen atoms), C and
F can be formed.

In addition, the relationship between the depth measured
from the surface of the Cu layer 204 and the contents of O,
C and F contained in the Cu layer 204 at the corresponding
depth was ascertained with regard to the Cu layer 204 before
and after the H, plasma process. The results indicate that the
contents of O, C and F up to 30 A from the surface of the
Cu layer 204 became greatly reduced after the process.

Furthermore, the surface of the Cu layer 204 can be
treated by utilizing the plasma processing apparatus 100
employed to implement the etching process and the ashing
process when the method described above 1s adopted. This
means that the surface of the Cu layer 204 does not need to
be treated by employing another processing apparatus. Thus,
the individual processes can be continuously performed on
the plasma processing apparatus 100 to achieve an improve-
ment 1 the throughput and a reduction 1n the production
COsts.

While the invention has been particularly shown and
described with respect to the preferred embodiment thereof
by referring to the attached drawings, the present invention
1s not limited to these, examples and 1t will be understood by
those skilled 1n the art that various changes in form and
detail may be made therein without departing from the spirit,
scope and teaching of the invention.

For instance, while an explanation 1s given above in
reference to the embodiment on an example in which CH,F,
1s used as a constituent of the etching processing gas, the
present mvention 1s not limited to this example and the
advantages described above may be achieved by using

CH,F,, CH,F or CHF; instead of CH,F,.

In addition, while an explanation 1s given above 1n
reference to the embodiment on an example 1n which Ar 1s
added into the etching processing gas, the present mnvention
1s not limited to this example and it may be eflectively
implemented by using an inert gas such as He instead of Ar
or without adding any inert gas.

While an explanation 1s given above 1n reference to the
embodiment on an example 1 which a single plasma
processing apparatus 1s utilized to implement the etching
process, the ashing process and the Cu layer surface treat-
ment, the present invention is not limited to this example and
it may be also adopted when separate plasma processing
apparatuses are employed to perform the individual pro-
cesses described above.

According to the present invention, the SiN_ layer formed
on the Cu layer can be etched, while minimizing the extent
to which other elements become mixed 1n the Cu layer. In
addition, other elements present 1 the Cu layer can be
climinated through the plasma process implemented by
using H,. As a result any degradation of the Cu layer can be
prevented.
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INDUSTRIAL APPLICABILITY

As explained above, the present invention may be adopted
during the process of manufacturing semiconductor devices
and, 1 particular, 1t 1s ideal 1n an application 1n which a
plasma process such as etching 1s implemented on an SiN_
layer formed on a Cu layer.

The invention claimed 1s:

1. A method for etching an SiN_ layer on a Cu layer of a
workpiece placed inside a processing chamber, the method
comprising;

introducing a processing gas comprising C, H, and F, and

O, mto a processing chamber, without injecting F
atoms of the processing gas mto a region existing
deeper than approximately {fifteen angstroms with
respect to the depth of the layer of Cu while the SiN_
layer 1s etched;

raising the processing gas introduced into the processing

chamber to plasma to etch the SiN_ layer such that a
portion of the Cu layer 1s exposed; and

treating the exposed portion of the Cu layer with H,

plasma by introducing H, into the processing chamber
after etching and raising the H, to plasma and exposing
the exposed portion of the Cu layer to the H, plasma
removing C atoms and F atoms introduced into the
exposed portion of the Cu layer during etching.

2. The method of claim 1, wherein etching the SiN_ layer
comprises providing a photoresist layer having a specific
pattern on the SiN_ layer;

and the method further comprises ashing the photoresist

layer after etching the S1N_layer and before treating the
exposed portion of the Cu layer with H, plasma.

3. The method of claim 2, wherein the etching, the ashing,
and the treating of the exposed portion of the Cu layer with
H, plasma are implemented inside a single processing cham-
ber.

4. The method of claim 2, further comprising setting the
workpiece to a temperature less than or equal to 100° C.
during the ashing step.

5. A method for etching an SiN_ layer on a Cu layer of a
workpiece placed 1nside a processing chamber, the method
comprising:

introducing a processing gas comprising C, H, and F, and

O, 1to a processing chamber, without substantially
oxidizing a region existing deeper than approximately
fifteen angstroms with respect to the depth of the Cu
layer while the SiN_ layer 1s etched such that no more
than about 5% of oxygen atoms are injected into the
region;

raising the processing gas introduced into the processing

chamber to plasma to etch the SiN_ layer such that a
portion of the Cu layer 1s exposed; and

treating the exposed portion of the Cu layer by itroduc-

ing H, into the processing chamber after etching and
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raising the H, to plasma such that the exposed portion
of the Cu layer 1s exposed to the H, plasma removing
C atoms and F atoms introduced into the exposed
portion of the Cu layer during etching.

6. The method of claim 5, wherein etching the SiN_ layer
comprises providing a photoresist layer having a specific
pattern on the SiN_ layer;

and the method further comprises ashing the photoresist

layer after etching the S1N_ layer and before treating the
exposed portion of the Cu layer with H, plasma.

7. The method of claim 6, wherein the etching, the ashing,
and the treating of the exposed portion of the Cu layer with
H, plasma are implemented inside a single processing cham-
ber.

8. The method of claim 6, further comprising setting the
workpiece to a temperature less than or equal to 100° C.
during the ashing step.

9. A method for etching an S1N_ layer on a Cu layer of a
workpiece placed 1nside a processing chamber, the method
comprising;

introducing a processing gas comprising C, H, and F, and

O, mto a processing chamber, without substantially
oxidizing a region existing deeper than approximately
fifteen angstroms with respect to the depth of an
exposed portion of the Cu layer and without injecting
F atoms of the processing gas into the region existing,
deeper than approximately {fifteen angstroms with
respect to the depth of the exposed portion of the Cu
layer while the SiN_ layer 1s etched;

raising the processing gas imntroduced into the processing
chamber to plasma to etch the SiN_ layer such that a
portion of the Cu layer 1s exposed; and

treating the exposed portion of the Cu layer by introduc-
ing H, imto the processing chamber after etching and
raising the H, to plasma such that the exposed portion
of the Cu layer 1s exposed to the H, plasma removing
C atoms and F atoms introduced into the exposed
portion of the Cu layer during etching.

10. The method of claim 9, wherein etching the SiN _ layer
comprises providing a photoresist layer having a specific
pattern on the SiN_ layer; and the method further comprises
ashing the photoresist layer after etching the SiN_ layer and
betore treating the exposed portion of the Cu layer with H,
plasma.

11. The method of claim 10, wherein the etching, the
ashing, and the treating of the exposed portion of the Cu
layer with H, plasma are implemented inside a single
processing chamber.

12. The method of claim 10, further comprising setting the
workpiece to a temperature less than or equal to 100° C.
during the ashing step.
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